Introduction
The determination of phospholipids in amniotic fluid is widely accepted for the assessment of fetal lung maturity. Most important determinations include the L/S ratio [7] , the quantitative determination of lecithin (phosphatidylcholine PC) by thin layer chromatography [13] and by enzymatic determination [5, 12] . Other phospholipids have also been detected by two-dimensional thin layer chromatography and the presence and relative concentration of phosphatidylglycerol (PG) and phosphatidylinositol (PI) have been reported to be indicators of fetal lung maturity [3, 9] . Clinically used methods which measure only lecithin or the L/S ratio as well as unspecific tests such as the shake test [4] or the determination of the optical density at 650 nm [14] are not reliable in cases of contamination of the amniotic fluid by blood and meconium [2, 5, 10, 11] . In these cases efforts were made to analyze phosphatidylglycerol (PG) by two-dimensional thin layer chromatography [15, 16] . The results suggest that slightly stained meconium contamination does not hinder the detection of PG [16] and that the PG determination is independent of contamination with blood [15] .
This study was designed to evaluate the effect of varying degrees of contamination by blood and meconium on the concentration of phospholipids in amniotic fluid. Phospholipids were analyzed by a new method using high pressure liquid chromatography (HPLC). The method is based on the procedure of BRIAND et al. [1] . We extended the method for the quantitative determination of several phospholipids. The new method allows the analysis not only of phosphatidylcholine (PC) and sphingomyelin (SP), but also of the minor phospholipids phosphatidylglycerol (PG), phosphatidylinositol (PI) and phosphatidylethanolamine (PE) -in a single run.
Material and methods

Material
Uncontaminated amniotic fluid samples were obtained from patients at term by amniocentesis. Maternal blood was obtained by venipuncture, and meconium was obtained from term newboras. Amniotic fluid samples were centrifuged for 10 minutes at 700 g and the superaatants of the samples were decanted and pooled to provide sufficient volume. The pool was divided into several aliquots of 2.0 ml. Rising amounts of meconium were added to the aliquots. The specimens were vigorously shaken for 10 minutes to produce homogen meconium stained amniotic fluid samples with different levels of contamination. The maximum concentration was 5 mg meconium/ml amniotic fluid.
As regards blood contamination, increasing amounts of freshly taken blood were added to aliquots of 2.0 ml. The samples were shaken well to ensure homogen contamination. A maximum of 10 vol% blood contamination was used.
Reagents
The following phospholipids were obtained from Sigma (Munich, FRG): phosphatidylglycerol (PG) (ammonium salt, egg yolk), phosphatidylinositol (PI) (ammonium salt, soybean), phosphatidylethanolamine (PE) (lecitin Type III, egg yolk), phosphatidylcholine (PC) (lecithin Type III E, egg yolk), sphingomyelin (SP) (bovine brain) and lysolecithin (LL) (Type I, soybean). Acetonitrile (HPLC grade) was purchased from Baker, Deventer, Holland, and chloroform, acetone and methanol (p. a. grade) from Merck, Darmstadt, FRG. Further aqua tridest was used.
Extraction
The extraction of the phospholipids with chloroform-methanol (2:1, v/v) was followed by the cold acetone precipitation according to GLUCK [8] . 40 μg lysolecithin (LL) were added as internal standard to 2.0 ml of amniotic fluid. Afterwards 4.0 ml chloroform and 2.0 ml methanol were pipetted to the sample. Then the tube was agitated vigorously for 2 minutes and deposited into an ice bath. After separation of phases, which can be accelerated by centrifugation at 800 g, the bottom chloroform layer was transferred by a 5 ml syringe to another centrifuge tube. Then the sample was dried by nitrogen and the extract was washed several times with 100 μΐ chlor oform-methanol (2:1, v/v) to achieve complete dryness.
Acetone precipitation: 100 μΐ of cold anhydrous acetone were added to the tube of dried extract, which had been placed in an ice bath for 5 minutes. Then the tube was shaken slightly until a white precipitate was formed. Now 0.75 ml of cold, anhydrous acetone were added and the sample was put into an ice bath for 20 minutes.
Afterwards the tube was inverted and any residual acetone was dried under a stream of nitrogen. The precipitate was dissolved in 100 μΐ chloroformmethanol (2:1, v/v) and 20 μΐ were injected into the HPLC injection plot.
Chromatographie analysis
The HPLC separations were carried out on HPLC equipment from Knauer, Berlin, FRG, consisting of the HPLC pumps, an HPLC programmer, an HPLC oven, and a variable wave-length detector. sphingomyelin and the internal standard is achieved. The strong rise of PE, PC and SP in case of high blood contamination is obvious. Figure 3 shows the quantitative dependency of the phospholipid concentrations from rising blood contamination. The range goes up to 10 vol% blood. The solution containing 1.3 g hemoglobin/dl amniotic fluid is of distinct red color. In clinical routine such samples can mostly be avoided by cautious performance of amniocentesis. But even the slightest contamination of 1 vol% blood produces a clearly visible coloration of the amniotic fluid. The concentrations of PG and PI do not change when blood is added, even in highly contaminated samples. In the cases of PE and SP contamination may cause a rise up to ten fold. The PC concentration rises steeply up to a very high value of 60 mg/dl.
To determine phospholipid concentrations in blood 2.0 ml of freshly taken blood were extracted with chloroform-methanol according to chapter 2.3 without adding internal standard and the phospholipids were analyzed by HPLC. Figure 4 demonstrates the fact that blood contains only the phospholipids PE, PC and SP in detectable amounts, no PG and PI were to be found. This explains the strong increase of the concentrations of PE, PC and SP and the constant values of PG and PI in the case of blood contamination. fluid. According to GARTZKE et al. [6] the maximum content of meconium in amniotic fluid will not exceed 6 mg/ml. That is comparable to the highest meconium staining of 5 mg/ml amniotic fluid which we used. The concentrations of PG, PI and PE do not change when meconium is added. Only in the case of PC and SP slight increases of about 20% resp. 10% at higher staining concentrations will occur. Figure 6 demonstrates the fact that meconium contains only PC and SP in detectable amounts, no PG, PI and PE were to be found. When considering the estimation of fetal lung maturity, our results prove that there is no change of the concentrations of PG, PI and PE by meconium. Determination methods of fetal lung maturity, which are based on the analysis of PG are therefore reliable, even when the amniotic fluid is stained by meconium. This correlates well with JAMBAO et al. [16] , who used the two-dimensional thin layer chromatography method and found that slightly stained meconium contamination does not hinder the determination of PG. The application of PC or SP for the assessment of fetal lung maturity is limited to slightly meconium stained samples. In cases of higher meconium contaminations, up to 20% higher PC values are determined.
If amniotic fluid is contaminated by blood the estimation of fetal lung maturity is more difficult. Only those methods are reliable, which are based on the determination of PG or PI. These findings correlate well with the results of STRASSNER et al. [15] , who showed that PG analyzed by twodimensional thin layer chromatography is not influenced by blood contamination.
Other phospholipids like PE, PC and SP are not reliable as indicators of fetal lung maturity in cases of contamination due to blood. Even 1 vol% of blood causes a minimum of 50% increase of the different phospholipid concentrations.
In conclusion, our results show that only PG and PI values are independent of contamination with meconium or blood. PE is not influenced by meconium staining, but shows a strong increase when amniotic fluid is contaminated by blood. The PC and SP concentrations in amniotic fluid are as well slightly influenced by contamination with meconium and extremely dependent on the contamination with blood. From the methods which are commonly used to determine fetal lung maturity, only the analysis of PG can be recommended in cases with contamination by meconium and blood. The analysis of PC can be used to a limited extent when meconium staining is present, whereas in the case of blood contamination, PC should not be used as an indicator of fetal lung maturity.
Summary
This paper presents the evaluation of the effects of blood and meconium on the determination of the phospholipids phosphatidylglycerol (PG), phosphatidylinositol (PI), phosphatidylethanolamine (PE), phosphatidylcholine (PC), sphingomyelin (SP) and lysolecithin (LL) in amniotic fluid. Phospholipids were analyzed by a new method using high pressure liquid chromatography (HPLC), which is based on the. procedure of BRIAND et al. [1] . The method was extended for quantitative determination with lysolecithin as internal standard. The HPLC equipment consisted of two pumps, an HPLC programmer, an HPLC oven, a UV detector and an integrator. The Chromatographie separation was achieved on a 25 cm DIOL-column and a 6 cm guard column packed with silica SI 60. The oven temperature was 55°C and the detector wave length was 201 nm. The Chromatographie mobile phase was composed of two solvents, acetonitrile and water. A solvent gradient was run from 2.4% water to 15% water between 5 and 13 minutes. Phospholipids were extracted according to the procedure of GLUCK [8] . Before extraction 40 μg of LL as internal standard were added to 2.0 ml amniotic fluid. In a standard solution the phospholipids PE, PC, SP and LL were baseline separated, in the case of PG and PI a perpendicular division of the peaks was necessary.
To evaluate the effect of contamination by blood and meconium, various amounts of blood and meconium were added to uncontaminated amniotic fluid samples.
Contamination by blood caused a rise of the concentrations of PC, PE and SP up to tenfold. PG and PI concentrations were not affected by blood staining. HPLC analysis proved that blood contains only PE, PC and SP in detectable amounts, but no PG and PI. In specimens with blood contaminants, only PG and PI are reliable indicators of fetal lung maturity. The concentrations of PG, PI and PE were not affected by meconium staining. PC and SP values showed an ascending drift up to a maximum rise of 20% resp. 10%. HPLC analysis showed that meconium contains small amounts of PC and SP, but no PG, PI and PE. PC and SP determinations are therefore practicable only in slightly meconium stained specimens.
From the determination methods which are widely accepted for the assessment of fetal lung maturity, only the analysis of PG is not affected by blood and meconium. PC analysis cannot be used in cases of blood contaminants and only to a limited extent in meconium contaminants.
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